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• 
EFFECT OF LONGTH OF SPECIMEN ON THE APPARENT 
COMPRESSIVE STRENGTH OF CONCRETE 
INTRODUCTION 
There are many complications in determining the compres-
sive strength of concrete. For this reason the American 
Society for Testing Materials has established several standard 
methods to be used to determine compressive strength. One 
factor that affects the compressive strength is the ratio of 
the length of the specimen to its diameter, commonly referred 
to as the t/d ratio. Fig. 1 shows the variation in relative 
strength for various £/d ratios. Since specimens with t/d 
ratios different than 2.0 do not yield the same apparent com-
pressive strength as the standard cylinder an attempt is 
usually made to "correct" the strength to that which would be 
expected from a standard cylinder. 
It may be noted from Fig. 1 that there 1s very little 
change of strength in the range of BC which is the range into 
which most specimens fall. However, if t/d becomes very small 
there is significant increase in strength. Also if Z/d be-
comes large there is a decrease in the strength. If a speci-
men has an Z/d larger than 2.0, it can generally be conveniently 
shortened to give an t/d of 2.0. Consequently the range CD is 
not of extreme importance and the discussion in this paper 
will be confined to the ABC range. ASTM Method C-42, Securing 
and Testing Specimens from Hardened Concrete, gives a set of 
correction factors for "correcting" the strength of cylinders 
whose Z/d is not equal to that for the standard cylinder. 
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groups varied somewhat. Although this was a limited investi-
gation, it clearly indicates that the apparent compressive 
strength varies inversely with the t/d ratio. The variations 
are more pronounced for small values of £/d than they are for 
values of t/d close to 2.0. 
In 1923 G. w. Hutchinson reported on tests in which he 
was trying to obtain data which would be useful in relating 
the strength of cores drilled from existing pavement to that 
of the standard specimen. More than 250 specimens were cast 
for this study. These specimens were 6 in. in diameter with 
height varying from 3 in. to 13 in. in 1 in. increments. The 
concrete was hand mixed. A complete set of specimens ranging 
from 3 to 13 in. was cast at each pouring. Mixes of 1:3:6 and 
1:1.5:3 proportions were used in which the sand and cement were 
mixed first and then the coarse aggregate and water added. The 
coarse aggregate was a crushed granite separated and recombined 
so that 60 per cent ranged in size from 3/8 to 3/4 in. and 40 
per cent from 3/4 to 1-1/2 in. The specimens were left in the 
molds for twenty-four hours and then removed and stored at 90 
per cent relative humidity and 70 to 75 F until tested. The 
specimens were tested wet. The results are given in Table 2, 
each value being the average of 2 to 4 tests. 
Hutchinson confined his conclusions to specimens in which 
the t/d ratio varied between limits of 0.5 and 2.0, since the 
data on the specimens whose £/d ratio was less than 0.5 was 
erratic. He considered the variations due to the strength of 
concrete specimens to be negligible and within the limits of 
test error. Fig. 3 is a graph of the strength relationship 
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obtained with the addition of two curves determined from the 
average of sets 1 to 2 inclusive and sets 6 to 8 inclusive. 
These two curves were added to give an indication of the rela-
tive influence of modifications of size on concretes of various 
strengths which apparently Hutchinson considered unimportant. 
The most comprehensive investigation to determine the 
extent of size effect was reported by Gonnerman in 1925. A 
portion of this investigation concerned the effect of t/d 
ratio on the apparent strength of concrete. The concrete used 
for this portion of the study was either an 1:3 or 1:5 mix by 
volume. The fine aggregate was well graded and ranged in size 
from Oto that which passed a No. 4 sieve. The coarse aggre-
gate was determined by the fineness modulus. All concrete was 
hand mixed in batches of approximately 1 cu. ft. and the con-
sistency was measured by means of flow table. In general the 
relative consistency was 1.1 . The concrete was placed in 
the forms in layers and each layer was thoroughly rodded. 
Each specimen was kept moist until tested and was tested wet. 
The results of these tests are listed in Table 3 and plotted 
in Fig. 4. 
In general, Gonnerman concluded that when the t/d ratio 
varied between the limits of 1.5 and 2.5 the specimen strengths 
were within 5 per cent of the standard cylinder strength. The 
apparent strength showed a marked increase when the £/d ratio 
fell below 1.5 and decreased slightly when the l/d ratio ex-
ceeded 2.5. At ratios of 3.0 and 4.0 the apparent strengths 
were 95 and 90 per cent respectively of the 6 by 12 in. cyl-
inder strength. The limited variations in the apparent strength 
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which is exhibited over a rather wide range of values of the 
t/d ratio minimizes the effect of minor variations in the di-
mensions of the specimen such as those which might be caused 
by shrinkage or planing the ends for testing. Gonnerman's re-
sults are in substantial agreement with those of other inves-
tigators although there is some discrepancy in the magnitude 
of the variation at small values of l/d ratio. 
Another study of the effect of different t/d ratios was 
made by Johnson in 1943. Different size aggregates and dif-
ferent slumps were used. All the mixtures were 1:3.04:3.71, 
proportioned by weight. Some of these specimens were made 
with concrete in which the maximum size aggregate was 1-1/2 in. 
and in the remainder the maximum size aggregate was 3/4 in. 
Mixes using both sizes of aggregates were poured with slumps 
1, 3 and 6 in. All specimens were of 6 in. diameter and the 
height was 6, 8, 10, 12 and 17 in. Specimens were cast both 
horizontally and vertically. In general the vertically cast 
test specimens showed the greater strength but the difference 
was slight. The results of this study are tabulated in Table 
4 and shown graphically in Fig. 5, 
In 1944 Jackson reported a set of correction factors 
which had been determined from the results of tests on more 
than 2,000 specimens. Each specimen had a diameter of 6 in. 
while the height varied from 2-5/8 to 11-5/8 in. The strength 
' ; 
of the concrete was not given. The factors as given by 
Jackson are plotted in Fig. 6 and for comparison the recipro-
cals of the ASTM factors are plotted in the same figure. 
In 1955, Fry,a graduate student at the University of 
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Illinois, conducted tests from which data was obtained to de-
termine the relative influence of size effect on concretes of 
different inherent strengths. These tests utilized concretes 
of low, medium and high strength. Test specimens were 6 in. 
in diameter and of 3, 6, 9, and 12 in. heights. Natural sand 
and gravel were used; the maximum size of the . aggregate was 1 
in. 
Fry 1 s investigation indicated that concretes or the great-
est strengths are markedly less affected by variations in the 
size of the test specimen. In concretes of medium and high 
strength his tests indicate an initial reduction in the appar-
ent strength as the l/d ratio decreases, but this trend re-
verses itself and as in previous investigations, he finds an 
inverse relationship between the l/d ratio and the apparent 
compressive strength. This initial reduction is a phenomena 
not noted by other investigators and is probably caused by the 
type of cap in the test, although for the medium strength con-
crete the hydrocal cap used should have been sufficient. In 
all cases the 6 by 12 in. cylinders in this investigation had 
neat cement caps applied at the time of casting. Hydrocal 
caps were used on all other specimens. The results of these 
tests are given in Table 5 and Fig. 7. 
The effect of the length of the test specimen on the ap-
parent compressive strength of concrete has been analyzed sta-
tistically by Tucker. He divides specimens into two classifi-
cations; first those in which unrestrained shear may occur and 
secondly those in which the shear failure is restrained. In 
Tucker 1 s studies he concluded that the minimum length of a 
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specimen 1n which an unrestrained behavior may occur is the pro-
duct of the diameter and the tangent of the angle or failure. 
He found the most common value or the angle of fai1ure to be 
52.5 degrees and computed that the minimum length of specimen 
in which an unrestrained failure could occur would be one in 
which i was at least equal to 1.3 times the diameter. If the 
length of the specimen was longer than this, the location of 
the failure would depend on the strength dispersion. Tucker's 
correction factors for specimens in which an unrestrained 
failure may occur are expressed in terms of the standard devia-
tion of the specimen. Although they do not check precisely 
they are indicative of the results one expects and other 
investigators have determined. 
'In discussing variations of apparent strength of restrained 
specimens Tucker considers the possibility of changes in the 
angle of internal friction. He plots theoretical values which 
show resultant apparent strengths for different values of the 
angle of internal friction and compares them to curves obtained 
from tests of concrete of different strengths. His theoretical 
correction factors are plotted in Fig. 8 and Fig. 9 is a replot 
of Hutchinson's data which Tucker used for comparison with his 
theoretical calculations. These curves are similar to those 
obtained by Fry. 
The relative influence of size effect on concretes of 
various strengths is shown in Fig. 10 in which the results of 
specimens with an £/d ratio of 0.5 is compared to that of spe-
cimens with an t/d ratio of 2.0. The influence of t/d for 
various strengths of concretes 1s greatest for this particular 
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value of £/d, however, it does indicate what one may expect to 
occur for other values of l/d when the concrete strength is 
varied. The curve clearly points out that one set of correc-
tion factors 1s good apparently for only one concrete strength. 
Tucker concludes that in restrained specimens the apparent 
strength is a factor of both end restraint and inherent strength. 
Unrestrained failures are factors of strength dispersion. He 
recommends test specimens whose minimum length is no less 1.3d 
and when the t/d ratio lies between 1.5 and 2.0 he suggests a 
3 per cent reduction in apparent strength to correct these 
test results to those for a standard cylinder. 
COMPARISON OF CYLINDER AND CUBE STRENGTH 
Although most compression tests of concrete are made on 
cylindrical specimens 1t _1s frequently necessary to use speci-
mens of different shapes and some investigations have been made 
in which the cube or modified cube strength have been compared 
to those for the standard cylinder. Results of some of these 
tests show the effect of strength on the suggested correction 
factors. It has been suggested that ASTM method c116, Com-
pressive Strength of Concrete Using Portions of Beams Broken 
in Flexure, should contain a correction factor for modified 
cubes in much the same manner as C42 contains correction fac-
tors for cores of different lengths. 
Gonnerman•s tests included some studies to determine the 
relationship between the strengths obtained from cylinders and 
cubes, some results of which are given in Table 6. It may be 
noted that the 6 in. cubes and 8 in. cubes give higher 
strength than the 6 by 6 in. cylinders, all of which were 
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higher than the standard cylinder. 
Koenitzer investigated the use of modified cubes as a 
substitute for the standard compression cylinder in highway 
field tests. To justify this substitution he conducted tests 
to establish the relationship between the strength of modified 
cubes and standard compression cylinders. In these tests 
Koenitzer used. two mixes of concrete. The first with a type 
1 cement and sand and gravel aggregates had a water cement 
ratio of 5 gallon per sack. The second was made with type 3 
cement, fine aggregate and limestone and had a water cement 
ratio of 5-1/4 gallon per sack. Flexural specimens and cyl-
inders were cast in accordance with ASTM specifications. The 
beams were broken in flexure at the ages of 4 and 10 days and 
the resulting modified cubes, a minimum of 7 in. in length, 
were capped on both ~ides with a 1:1 mixture of cement and 
plaster of paris. After capping the modified cubes were moist-
cured until tested. The compression test used 6 by 6 in. 
bearing plates directly opposed and the specimens were so 
placed as to obtain a symmetrical overhang varying from 1 to 
3 in. 
In tests of 66 standard cylinders and 66 modified cubes 
all made with sand and gravel aggregate, Koenitzer found the 
average cylinder strength to be 4045 psi and the average modi-
fied cube strength to be 3993 psi. The test of his limestone 
aggregate concrete included 26 standard cylinders, 26 modified 
cubes.~e average cylinder strength was 3994 psi and the modi-
fied cube strength was 4008. From the results of these tests 
Koenitzer concluded that modified cubes could be substituted 
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for standard compression cylinders and that no strength correc-
tion need be made. Koenitzer•s conclusion that no correction 
factor need be applied is a unique one. Inspection of his 
data reveals a wide variation in his modified cube strength. 
In the first tests these strengths ranged from 25 per cent 
greater to 25 per cent lower than the companion cylinder strength 
and in the second tests they ranged from 38 per cent to 16 per 
cent lower. 
Mather conducted a series of tests in which he compared 
the strength of cylinders and modified cubes. The first in-
vestigation consisted of laboratory cast standard cylinders and 
cast modified cubes of varying lengths. All specimens were 
provided with sulfur-silica caps and tested damp. The speci-
mens were fog cured for 28 days after casting. The concretes 
used were made with various water cement ratios and in some 
mixes ~dmixtures were used. 
The data for these tests is given in Table 7. Note that 
the values in this table have already included in them the 
corrections as given by the factors in method C42. It is ap-
parent that concretes of greater inherent strengths are not 
influenced to the same extent by the effect of shape and ob-
viously a different correction factor is needed. 
The results of some tests on standard cylinders and modi-
fied cubes of different strengths as previously reported by 
Kesler are indicated in Fig. 11. The relationship shown was 
established from approximately 600 modified cubes and 500 
cylinders. The slope of the line indicates that the relation-
ship between the modified cube strength and the cylinder 
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strength is not a constant one and any correction factor de-
pends on the strength of the concrete. 
CONCLUSIONS 
It is obvious from the results discussed that the t/d 
ratio influences the apparent strength of the concrete and 
that for £/d ratios of less than 1.3 there 1s a significant 
increase in the strength. There is little change in the con-
crete strength when the t/d ratio is between 1.5 and 2.5. 
It is further indicated that the correction factor needed must 
vary according to the strength of the concrete; that no one 
set of correction factors will be good for all concrete 
strengths. It may also be noted that the result of tests for 
which the £/d ratio is less than 1.0 are erratic, indicating 
that perhaps specimens with lid ratio below 1.0 should not be 
tested. 
The danger in the use of one set of correction factors 
is apparent when weak concretes with low t/d ratios are tested. 
The use of a single set of correction factors, as given by 
method C42, gives the weaker concretes corrected strengths 
higher than the probable strength of a cylinder with an 2/a 
ratio of 2.0 made of the same concrete. This is an important 
consideration since it is the weak concrete in which most or 
much of the difficulty 1s encountered in the accepting or re-
jecting of structures. High strength concrete is penalized by 
the present set of correction factors. 
PROPOSAL 
It is suggested that a study be made to determine if it 
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1s desirable to present in C42 a method for "correcting" con-
crete strengths obtained from cylinders whose l/d is not 2.0. 
Perhaps c116 should be included in the study. Such general 
correction factors are probably not of interest to research 
workers who will in most cases establish their own if needed. 
Factors established in this manner would be for the particular 
conditions at hand. If a general set of factors 1s not given, 
many organizations will establish their own, with many differ-
ent values resulting. It is difficult to say whether this 
would be a good practice. For instance, the influence of 
different aggregates on the correction factors is not known 
and perhaps individual correction factors would be more appro-
priate. This, however, would result in confusion in inter-
change of test data. Many other arguments may be advanced for 
continuing or dropping the publication of correction factors 
in C42 and 116. 
If the inclusion of correction factors is continued then 
perhaps a graph such as the solid lines in Fig. 12 might be 
presented. Each solid curve represents~ quality concrete. 
Such a chart could easily take into account the effect of 
strength. The values on the abscissa are presented only for 
discussion purposes and should not be considered exact. The 
dashed lines are based on the correction factors given in C42. 
The solid lines represent more nearly the correct factors. It 
is obvious from observing the apparent strength for an t/d 
ratio of 0.5 that the low strength concrete benefits and the 
high strength concrete is penalized by the "ASTM curves". 
Sufficient data is not available to determine such curves 
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as given in Fig. 12 or to determine the proper correction fac-
tors. Therefore, a cooperative investigation is suggested·. 
Obviously strength is not the only factor in addition to the 
t/d ratio affecting the magnitude or the correction factors. 
Curing and moisture content may be important; certainly they 
do not have constant values in Methods C42 and 0116. Little 
information ia available concerning the effect of various 
admixtures. 
The following general program is proposed: 
a. The tests should be made in widely scattered differ-
ent laboratories, including commercial testing, 
res~arch, and other types of laboratories. 
b. Ratios of l/d between 0.5 and probably 2.5 or 3.0 
should be studied. 
c. At least five different concrete strength should be 
used. 
d. At least two curing procedures should be used, (1) 
the standard 28 day moist curing and (2) a short 
initial moist curing period and _then soaking the 
specimens previous to testing. 
e. Several aggregates should be use9. 
f. Some admixtures, including air-entraining agents 
should be studied. 
This is not a complete program even though extensive. Perhaps 
other items should be added. A statistician should help de-
sign the experimental program and aid in the interpretation 
of the results. A properly designed experiment will not re-
quire that all tests be made at all of the cooperating labora-
tories and will yield more positive results than a poor design. 
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Relative strngths ot Concrete Prisma of Different Height, 
Based on St1'eDgth of Priam with J/ 4 Ratio ot 2 .o. AC1.. 1914 
Ave. Strength ?ta in. Compressive Strength 
Ratio 4x 8 x8 4x4 8x8 
15 
Cross- Cross- Cross-section Crose-section 
section section a b C a b C 
0.50 2.09 2 4 6485 4'20 5046 5JJ80 47,0 
0.75 1.66 3 6 5170 '245 '672 4192 3596 4242 
1.00 1.,S 4 8 ,Sll 2915 2688 3898 314; 3666 
1.50 1.o4 6 12 3306 2075 2268 29118 2260 2:,01 
2.00 LOO 8 16 a623 2a65 1993 2981 226; 2342 
3.00 0.'77 12 E4 Z,}2 2175 1910 2818 2146 2590 
4.00 o.94 16 32 21'7 2423 1976 a589 2145 2196 
6.00 o.88 24 . . 2513 2'°5 1883 .... . ... 
a. University of Illinois teats 
b. University of Wisconsin tests 












Compressive strengths of 6 in. Diameter Concrete Cylinders ot 
Varying Height. Obtained Proa Hutchinson's Tests ot 1923 
Height! in. 
4 5 6 ·7 8 9 10 11 12 
25'73 1925 1492 .... 1229 1129 998 1007 966 1064 
3353 2206 1847 1793 1527 1652 1541 1581 11169 1413 
4812 3110 2632 2305 2043 2113 2022 20}5 1980 1863 
4652 '5762 3135 2739 2431 2391 2360 2281 2163 2278 
4915 '715 3096 2722 2511 2620 2480 2576 24c,n 2499 
5766 4456 3914 3818 3~5 3133 311'0 3091 3053 3109 
5825 5123 4142 '5163 3674 3683 3624 3533 3654 3479 
6824 5643 4799 4667 4356 4542 4315 4179 4091 4185 
Ave. 4830 3143 3132 3087 264o 2658 2560 2535 2485 2486 
Table 3 
Effect of Variation of length of Specimen on Apparent Strength 
of Concrete tor 6 in. Diameter Cylinders. Gonnerman 1925 
Height, in. 














1.98 1.12 1 .00 1 .00 0.98 0.96 0 .92 
1.68 o.96 1.00 o.88 0.89 o.89 
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'l'able 4 
Effect or J/d Ratio on Apparent strength or Concrete 
When Aggregate &Dl. Sluap is Varied. 
Johnson 194~ 
Relative Strengths Based on Strength ot 6 by 12 in. Cylinder 
3/4 in Aggregatez Sl z in. 1 'l/2 in Aggregate z SJ lJII', in• 
J/d Ratio 1 3 6 l 3 
Cast Horizontally 
1.00 l.o118 1.094 1.075 1.093 1.094 
1.33 1.oao 1.059 1.060 1.066 1.101 
1.67 1.024 1.084 1.012 0.995 l.Oll 
2.00 1.000 1.000 1.000 1.000 1.000 
2.83 0.931 0.967 0.955 0.990 0.953 
Cast Vertically 
1.00 1.13() 1.071 1.137 1.1£,7 l.()91f. 
1.33 1.069 1.035 1.057 LOSO 1.039 
1.67 1.073 1.012 1.039 0.'.170 0.914 
2.00 1.000 l.000 1.000 1.000 1.000 
2.83 1.017 0.939 0.928 0.980 0.970 
Table 5 
Effect of J/d Ratio on .Apparent strength or Concrete 
of Different Inherent Strength. 
Fry, 1954 
J/d Ratio Strength, psi 
2.00 7500 3100 2000 
1.50 7070 3590 2220 
1.00 7680 4120 2600 














Relative Strengths o't Cylladers and Cubes Based on the Apparent 
strength ot 6 by 12 in. Concrete Cylinders. Age at test varied. 
.Age 6 x 6 Cyl • 6 in. Cube 8 in. Cube 6 lC 12 Cyl. 
7 days 1.32 l.lto 1.30 1.00 
23 d,qa 1.12 1.16 1.15 1.00 
3 m::>nths 0.99 1.05 0.96 1.00 
1 year 1.15 1.12 1.02 1.00 
Table 7 
Comparison of Strengths Exhibited by Laboratory Cast Standard CyllDders 
and Cast MJdiried Cubes of Varying length. Bryant Mather, 1945. 
strength ot Cubes Corrected b7 ASrM Factors. 
Concrete Strength, psi 
Standard length ot 6 by 6 in. Modified Cubes 
Cylinder 6 i/4 in. 8 in. 10 in. 12 in. 
3695 3080 3120 3045 ,o8o 
4525 3815 3920 4o65 lf<>l5 
















Fig. l Variation o'! Apparent Strength 
of Concrete with J/d Ratio. 
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Fig. 7. Ettect of I/ d Ratio on Apparent Strength. 
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Pig_. 8. Ettect ot J/d Ratio on Apparent strength. 
Tucker 194-5 • 
~, 






"' 1k •• 
00'0 













tc • 1~ psi 
1 
- ---t • 3109 psi 
C 
I 







-0.~ o.6 o.8 1.0 1 .2 1.4 1.6 
1/d 
Fig. 9. Ef'tect of 1/d Ratio on Apparent Strength. 
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Fig. 10. Bela.ti ve In:nuence of 1,/ d Ratio on .Apparent Strength 
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Fig. 11. Statistical Relationship Between .Apparent Strength 
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Fig. 12. Suageated Graph tor !'CorrectiDg" strength of 
Cylinders vith 1/d Ditterent than 2.0 to the 
Expected Strelsgth of Standard Cylillders. 
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